It is proved that a bipartite 2-connected plane graph in which the common boundary of adjacent faces is a simple curve is 1-cycle resonant if and only if the outer face of G is alternating and each inner vertex has degree two. This extends a result from [X. Guo, F. Zhang, k-cycle resonant graphs, Discrete Math. 135 (1994) 113-120] that a hexagonal system is 1-cycle resonant if and only if it is catacondensed.
Introduction

18
In this note we are interested in characterizing 1-cycle resonant graphs 19 among bipartite 2-connected plane graphs. In 1994, Guo and Zhang [9] 20 proved a characterization of k-cycle resonant graphs among 2-connected 
27
Recall a folklore mathematical meta theorem "it is easy to generalize." On 28 the other hand a specialization of a general result can bring additional insight 29 into the problem considered. As we already said, we are interested in bipartite 30 2-connected plane graphs and our aim is to give a characterization of 1-cycle 31 resonant graphs among them that is as simple as possible. In particular, this 32 characterization should be simple enough to be used by working chemists.
33
The rest of the paper is organized as follows. In the rest of the section we 34 define concepts needed in this note. In the subsequent section the main the-35 orem is presented and some of its consequences discussed. The final section 36 contains a proof of the main result (Theorem 2.1).
37
For basic graph theory terminology, the reader is referred to the books [11, 38 
12].
39
A graph is planar if it can be embedded into the plane such that no two 40 edges cross and is plane if it is planar and furthermore is equipped with a 41 fixed embedding into the plane. 
Main result and its consequences
53
To formulate our result, we need the following technical definition. Let G 54 be a 2-connected plane graph. Then we will say that the plane embedding of is alternating and each inner vertex of G has degree two.
62
Note that the outer cycle of a catacondensed hexagonal system is a Hamil-63 ton cycle of even length, hence it is resonant. In 1994, Guo and Zhang [9] 64 showed that a hexagonal system is 1-cycle resonant if and only if it is catacon-65 densed [9] , a result that was rediscovered by one of the present authors [13] .
66
Hence, Theorem 2.1 can be seen as a generalization of this result. shown that an elementary bipartite graph other than K 2 is necessarily 2- (ii) each inner face of G is alternating,
121
(iii) the outer face of G is alternating.
122
Theorem 3.3. Let G be a plane elementary bipartite graph other than K 2 .
123
Then G has a reducible face decomposition.
124
5
Now everything is ready for the proof of Theorem 2.1.
125
Let G be 1-cycle resonant. Then in particular the outer face is alternating.
126
It remains to prove that each inner vertex of G has degree 2. Assume that let P i+1 := F i ∩ F i+1 . As the embedding is simple, P i+1 is a path. 
139
Case 2: Case: For each i ∈ {1, 2, . . . , k}, the number of inner vertices of 140 P i+1 is even.
141
Let C be the cycle obtained from F 1 ∪ F 2 ∪ · · · ∪ F k by deleting v 0 and the 142 inner vertices of P 1 , P 2 , . . . , P k . It is clear that G − C has an odd component.
143
Hence, by Theorem 1.1, G is not 1-cycle resonant, a contradiction.
144
For the converse let the outer face of G be alternating and let each inner 145 vertex of G be of degree two. We proceed by induction on r, the number of 146 inner faces of G, to show that G is 1-cycle resonant. The result is trivially 147 true for r = 1.
148
Assume that the result is true for r = s, s ≥ 1, and let r = s + 1. By The- (and their incident edges) from G, thus, obtaining e + P 1 + · · · + P s := G ′ .
153
This plane graph G ′ is an elementary bipartite graph (by the ear decomposi-154 tion) other than K 2 , hence, is 2-connected. The embedding of G ′ is simple.
155
Theorem 3.1 implies that the outer face of G ′ is alternating and it is clear 156 that each inner vertex of G ′ has degree 2. Hence, by the inductive assump-
